Background: Data regarding the prevalence of morbidity and mortality in patients of Type 2 Diabetes Mellitus (T2DM) is scanty in India. Objectives: To determine the prevalence of micro and macro vascular complications, acute metabolic complications, infections, Non Alcoholic Fatty Liver Disease (NAFLD) and cause of mortality in T2DM patients admitted to a tertiary care teaching hospital in Eastern India. Material and Methods: This was a hospital-based prospective study evaluating 150 T2DM patients admitted to a tertiary care institution in Eastern India. Diagnosis of micro and macro vascular complications, infections and NAFLD was made using standard protocols. In case of death, the most probable cause was noted. Results: Out of 150 patients, 14.7% of patients were newly diagnosed T2DM and out of them 41% of patients had vascular complications and 54.5% had infections. Of the total patients, 56% had nephropathy, 20% neuropathy, 17.3% retinopathy, 31.3% CVD, 11.3% CAD, 4.6% acute metabolic complications, 44% infections and 16.6% had NAFLD respectively. Macrovascular events occured earlier than microvascular complications. Multiple logistic regression analysis showed strong association of age, duration of diabetes, serum cholesterol, triglyceride, LDL-C with 
Introduction
Prevalence of diabetes mellitus (DM) is on an increase in India and Type 2 DM (T2DM) is the most prevalent form of DM seen in India, which constitutes more than 95% of the diabetes population. It has been observed in many studies that over 50% of patients with DM in India have a poor glycemic control and a substantial proportion amongst these also have diabetes-related complications [1] . According to the Chennai Urban Population Study (CUPS), the prevalence of coronary artery disease (CAD) was 21.4% (CUPS No 5) [2] and peripheral vascular disease (PVD) was 6.3% among patients of DM in South India [3] . Another study from North Delhi Diabetes centre comprising 720 T2DM patients, retinopathy was found in 21.2%, microalbuminuria in 41%, peripheral neuropathy in 15.3%, CAD in 7% and PVD in 7.4% of patients [1] .
T2DM patients are susceptible to develop many acute and chronic infections primarily due to altered host immunity [4] . Urinary tract infection (UTI) is the most common infection and is a common cause for hospital admission in subjects of T2DM. Subjects with T2DM are at a three-fold higher risk of developing tuberculosis (TB) and it accounts for 15% of all TB and 21% of smear positive TB Worldwide [5] .
According to the CUPS-16, the overall mortality was nearly 2-fold higher in diabetic subjects compared to non-diabetic cohorts (18.9 vs. 5.3 per thousand person years, P = 0.004) [6] . The study also reported that the prevalence of mortality due to cardio vascular disease (diabetic subjects: 52.9%, non-diabetic subjects: 24.2%, P = 0.042) followed by renal disease (diabetic subjects: 23.5%, non-diabetic subjects: 6.1%, P = 0.072) was higher among diabetic subjects compared to non-diabetic counterparts [6] . A study from a tertiary care hospital of Odisha in 1991 had revealed the mortality pattern in DM patients as follows: chronic kidney disease (CKD) 35%, infection 33.7%, cerebrovascular disease (CVD) 32.5%, CAD 30% and diabetic coma 20.2% respectively [7] .
Since then, there has been no systematic study on burden of morbidity and mortality in T2 DM patients in this part of the country. Hence, the present study was undertaken to determine the prevalence of microvascular complications, macrovascular complications, acute metabolic complications, other complications like infection, Non-Alcoholic Fatty Liver Disease (NAFLD) and to evaluate the causes of mortality in patients of T2DM in this part of the country.
Material and Methods
This study was a prospective hospital based study conducted in the postgraduate 
Results
Our study is a hospital based study and reflects the prevalence of diabetic complications in the in-patient setting.
Of the total 150 recruited patients with T2DM, majority were male (68%, n = 102), female (32%, n = 48), M: F (2.1:1). The age of the patients studied ranged between 30 -90 years with a mean age of 60.46 (±12.6) years. The importance of age on prevalence of diabetes shows that majority of patients were from age group of 50 -70 years (53.3%). Family history of diabetes was present in one third of patients (33.3%). The patients on antidiabetic medication were 85.3%.
14.7% (n = 22) patients were newly diagnosed with T2 DM out of which 40.9% (n = 09) patients were diagnosed to have vascular complications (nephropathy, retinopathy and CAD in 09% (n = 02) each, neuropathy in 4.5% (n = 01) cases, CVD in 31.8% (n = 07) cases and 54.5% (n = 12) had infections as complications mandating hospitalisation.
The prevalence of diabetes specific microvascular and macrovascular complications are shown in Table 1 . Prevalence of microvascular complications was more than macrovascular complications. Among the microvascular complications, nephropathy was the most common form followed by neuropathy and retinopathy. In patients having diabetic retinopathy, majority (96%) were having nonproliferative diabetic retinopathy (NPDR). CVD was the most common ma-crovascular complication to be followed by CAD and there were no case with evidence of PVD. Amongst CVD, 81% had cerebral infarction and 19% had intracerebral haemorrhage (ICH Table 2 . It signifies that macrovascular events occured earlier than microvascular complications. The prevalence of risk factors for macrovascular disease was as follows; Hypertension 46.6%, obesity 44%, and dyslipidemia in 25.3% of cases.
Relationship of different risk factors with all vascular complications is shown in Table 2 . Blood pressure, total cholesterol and LDL-C were higher in patients having CVD, where as age and TG were higher in patients of CAD than patients Table 1 . Prevalence of vascular complications in Type 2 DM. having other complications. HDL-C level were either normal or higher in subjects suffering from CVD or CAD. Similarly mean HbA 1 C was highest in the retinopathy group. Table 3 shows the profile of other complications. Infection related complications were found in 44% cases. The profile of infections is shown in Table 4 .
UTI followed by pneumonia and septicemia were most common in these patients. E. coli was the most common (62%) pathogen isolated from the urine sample followed by S. aureus in 14.3% cases. No growth was found in 19.4% cases.
Considering the all cause mortality, 22% patients died due to different complications. CVD was the most common cause of death followed by infection, CAD, CKD and HHS in descending order. Hence, cardio-vascular (CV) related death (CVD and CAD) was the most common cause of death as shown in Table   5 . Table 6 shows the association of age, duration of DM, systolic and diastolic blood pressure, fasting blood glucose (FBG), HbA1C, BMI, serum cholesterol, serum TG, serum HDL-C, serum LDL-C and serum VLDL-C with microvascular complications. Among these factors age, duration of diabetes, serum cholesterol, serum TG and serum LDL-C showed strongest association with retinopa- thy (P value of 0.001, 0.000, 0.002, 0.015, and 0.003). Regarding nephropathy and neuropathy, duration of diabetes was strongly associated with development of these complications (P value = 0.000 for each). Table 7 shows that increasing age was a risk factor for developing CAD in patient with T2DM (P value 0.041). FBG was strongly associated for developing CVD in these patients (P value 0.042).
Discussion
About 30% -45% of all patients of T2DM suffer from microvascular complications. People with DM have a four-fold greater risk of having a cardiovascular event, 2-to 4-fold greater risk of stroke and 15 times more likely to have lower limb amputation than people without DM [13] .
In the present study, nephropathy was found in 56% of cases. Higher prevalence of nephropathy (56%) in our study is both due to the fact that the Indian ethnicity and the study being a hospital based. On applying multiple logistic regression analysis, we found a significant association of duration of DM with diabetic nephropathy (Table 6 ). Significant association of duration of DM and nephropathy have also been reported in previous Indian population Diabetic neuropathy is one of the most common long-term microvascular complication of DM. In our study, neuropathy was present in 20% patients. Similar prevalence was also reported from South India i.e. 19 .5% [19] . The prevalence of neuropathy in earlier studies from India are 15.3% [01], 26.8% [14] , and 33.1% [15] respectively. This variation may be due to glycemic control, genetic susceptibility to develop neuropathy and environmental factors. Statistical evaluation applying multiple logistic regression analysis for diabetic neuropathy, a positive association was found for duration of diabetes (Table 6 ). Agrawal et al.
have published similar observation in their study [14] .
In the present study retinopathy was found in 17.3% cases which is on par with the observations of earlier Indian studies i.e. 18% [20] , and 21.2% [01] respectively. On the contrary, few other studies reported higher prevalences i.e. 32 .5% [14] and 37.9% [15] respectively, probably due to clinic based studies.
Multiple logistic regression analysis for diabetic retinopathy revealed a positive association for age of patients, duration of diabetes, serum cholesterol, serum TG and serum LDL-C level (Table 6 ). Agarwal et al. found a positive association for age of patients, duration of diabetes, blood pressure, FBG, and HbA 1 C with diabetic retinopathy [14] .
The prevalence of cerebrovascular disease was 31.3% in the present study. The prevalence of CVD as reported in earlier studies varies from 0.5% to 9.2% amongst T2DM subjects in India [21] . Our own study from Cuttack in 2011
showed the prevalence of DM was 38.7% among stroke patients [22] . Similar observation was reported by Nagaraja D et al. from Bangalore i.e. 23 .1% [23] .
This present study found that cerebral infarction was more common than haemorrhage (25% vs. 06% of total patients) which is at par with observation by Padma MV et al. (cerebral infaction 21.1%, cerebral haemorrhage 6.35%) [24] .
Earlier studies by us from this centre (Cuttack) and Chennai had shown that at any given age subjects with DM had higher value of carotid intimal-medial thickness than non DM counterparts where the difference reached statistical significance after the age of 50 years [22] [25] . This is significant as the mean age of the patients suffering from CVD was 61.9 years in this study which can be extrapolated into corroborating the mean age of the patients with high prevalence of CVD. Multiple logistic regression analysis showed a positive association between FBG and CVD. Acute hyperglycemia could be one of the precipitating factor for CVD.
Coronary artery disease was found in 11.3% cases in our series. Prevalence of CAD was not uniform in different studies from India where earlier observations from Chennai revealed 11.4% [26] , but the prevalence reported from North Delhi was 07% [01], where as a higher prevalence was reported from North West India i.e. 25 .8% [14] and recent studies from Chennai i.e. 21 .4% [2] . Prevalence of CAD in patients with DM was reported to be lower in this part of the country . [27] . Multiple logistic regression analysis showed a definite association between age and CAD. Mohan V et al. have reported age and LDL-C as the risk factor for CAD [2] .
Previous studies from this institute by us have shown, atherosclerosis to be more prevalent in subjects with DM and the quantum of involvement of vascular channels (coronary artery segments) were more profound as compared to the non-DM patients with CAD [28] . Such association suggests that uncontrolled hyperglycemia is an independent and important determinant for developing atherosclerotic vascular disease (ASVD) in subjects with DM [28] [29] . In one of our recent publication, it was shown that a significant inflammatory state was prevalent in patients with T2DM as compared to healthy individuals. Type 2 diabetes with macrovascular disease (MVD) had significantly higher high-sensitivity C-reactive protein (hs-CRP) as opposed to T2DM subjects without MVD. Further NF-kB expression was significantly higher where as adiponectin level was lower in patients of DM with MVD. Such proinflammatory state could be an independent determinant of atherosclerosis in this population. Further, this study has shown that persons with DM had significantly higher cholesterol and TG levels than non-DM counterparts [30] .
Amongst acute metabolic complications, hyperglycemic hyperosmolar state (HHS) was found in 4% and DKA in 0.6% of cases respectively. Kitabchi [32] . The high prevalence of HHS in our study could be due to hospital-based study.
In our study, it is observed that 44% patients have suffered from one or multiple infections. Most common infection was UTI (31.8%). Most common pathogens isolated were E. coli (61.9%) to be followed by S. aureus (14%). Sterile culture was found in 19.4% of cases. Sridhar CB et al. reported symptomatic UTI to be 14% in mostly menopausal women with DM, which is significantly lower than our observation, which may be due to the fact that our study is hospital based and most of the hospital admissions are due to infections that encompass UTI mostly [33] . Our observation is comparable with that of Bettegowda S et al. who reported prevalence of UTI to be 26.8% and E. coli was the most common pathogen isolated followed by Candida albicans and Jenifer J et al. from South India who reported prevalence of UTI to be 42.8% and E. coli as the most common pathogen isolated where as sterile culture was found in 24.3% cases [34] [35] .
Pneumonia was found in 30.3% cases in our study which is higher than that reported by previous Indian studies i.e. 11.6% [33] and 4.4% [34] possibly because of a referral tertiary care hospital and emphasizes the importance of non-tubercular pulmonary infection in subjects with T2DM. Tuberculosis (TB) was found in 4.5% cases in our series. Earlier study by Patel JC from India had reported TB to be the most common associated illness (5.9%) with DM [36] . Other studies done much earlier by Bhatia (1975) , Bahulkar (1975) , Nanda and Tripathy (1968) had reported the prevalence of TB in DM to be 14%, 4.5% and 12% respectively [37] . The low prevalence in our study could be due to awareness and early detection of Pulmonary TB with wide availability of anti-tubercular drug therapy.
Diabetic foot was found to be present in 4.5% cases in our study. Viswanathan V et al. in a multicentric study from India reported the prevalence of diabetic foot infection to be 6% -11% [38] . Our observation is at par with the observation of Pendsey SP, who found the point prevalence of foot ulcers in patients of diabetes in clinic population to be 3% [39] . NAFLD was found in 16.6% patients. Recent studies from India have reported the prevalence of NAFLD as 56.5% [40] and 57.2% [41] respectively in T2DM patients. The low prevalence in our series compared to those published from metro cities may be likely due to lower prevalence of obesity in our population.
Out of 150 patients studied, 33 patients (18.6% of total, male: 75.7%, female:
24.3%) died due to various diabetes related complications. The mean age at death was 62.2 years (male: 62.6 years, female: 61.2 years). Das et al. reported the age at the time of death for people with DM to be 55 -61 years and that mortality among hospitalized patients with non-insulin-dependent DM was nearly 20%, which is comparable with the findings of present study [7] . A recent population based study from South India by Mohan et al. reported the mean age of death to be 66 years and mortality related to diabetic complications to be 11.9% [6] . Analysing the causes of mortality in our cohort it was found that CVD (36.4%) was the most common cause of death followed by infection (27.3%), CAD (15.1%), CKD (12.1%), and HHS (9.0%). Cardiovascular (CV) related death (which includes CAD and CVD) was by far the most common cause of death in our series accounting for more than half (51.5%) of total death which could be due to the fact that macrovascular complications occured earlier than microvascular complications. Mohan et al. also had similar observations from South India, reported CV related deaths was the most common etiology, accounting for mortality in nearly 53% cases [6] . Das et al.
also had similar observation from this institution 25 years ago reporting CV related death to be 62.5% cases [7] . Bhansali et al. from a tertiary care hospital in North India reported CV related death as second most common cause of death (23.4%) following infections [42] . Infections, which accounted for 27.3% cases of death was the second most common cause of death in our study. Das et al. also reported infection as the leading cause of death (33.7%) in their study [7] . Bhansali et al. also observed infection as the most common cause of death (46.5%) in their series [42] . The continued prevalence of infections in causing mortality in our patients may be attributed to overall high incidence of infections in this part of the country and poor glycemic control in these patients. Analysing the above figures of prevalence of infection and CV related death in T2DM patients in this part of the country, it seems that there is a shift in pattern of death from infection to CV related death possibly due to increased awareness among patients of DM regarding infection, seeking health service at right time, as well as availability of better health care facilities including ICU care. Chronic kidney disease (CKD) was the third most common cause of death in our study (12.1%). Bhansali et al. also reported a prevalence of 9.4% of CKD related death [42] . Mohan et al. from South India reported CKD related death to be 23.5% [6] . This could be due to poor glycemic control, inadequate facility for renal replacement therapy (RRT) like dialysis/transplant, and lack of affordability to RRT.
Limitations of the Study
As this was a tertiary hospital based study and may not be real reflection of the population. The work was a prospective cross-sectional study, it is not possible to determine whether levels of variables showing association with complications actually preceded the development of the complications. Hence, the clinical and laboratory variables showing association with the complications in this study may only be interpreted as potential risk factors. As this study was a part of Post Graduate thesis and so was time limited. More prolonged study is required in future.
Conclusions
This study highlights the high prevalence of vascular complications and infections in T2DM patients of this part of India. Nephropathy was the most common microvascular complication and cerebrovascular disease was the most common macrovascular complication. Macrovascular complications occurred earlier than microvascular complications. CV-related death was the most common cause of death (CVD more than CAD) followed by infections and CKD.
CVD occurred earlier and was the most common cause of mortality in our patients of T2DM.
This study emphasizes the need for screening of all T2DM patients for complications at the time of diagnosis for early detection. The higher prevalence of cerebrovascular disease and nephropathy as observed by us may be similar to a few Indian studies but a visibly different from world literature. This suggests further work on etiopathogenesis of T2DM as well as its complications in our population group.
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